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Introduction and Summary*
Chinese provinces display large differences in growth rates and output per worker. Growth rates have differed by a factor of eight, and output per worker has differed by a factor of ten. However, these large differences have tended to decline over time, because poor provinces have grown faster than rich provinces since the beginning of economic reform in 1978. Figure 1 highlights this stylized fact as a negative correlation between output per worker in 1978 and average annual growth rates in 1978-1989. 1 That is, regional output per worker has converged across Chinese provinces in the era of market socialism.2
The Solow (1956) model of economic growth explains convergence of output per worker by differences in factor accumulation. This model implies that the speed of convergence depends on specific parameters such as production elasticities, depreciation rates, and labor force growth. Because these parameters can be estimated, the Solow model can be used to derive a quantitative prediction for the speed of convergence that, in turn, can be compared with the observed speed of convergence. Thus, the Solow model of economic growth may provide a reasonable account of the convergence of output per worker across Chinese This paper reports research undertaken in a project on "Decentralization and Enterprise
Reform in China". I thank Martin Raiser for helpful comments on an earlier version.
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The Appendix gives a definition of variables and the respective data sources. Two Appendix tables contain all the data used in this paper. The data refer to 29 Chinese provincial level localities, including 22 provinces, 3 municipalities under the central government, and 4 autonomous regions (Tibet is excluded due to data limitations). I refer to all these entities as provinces.
Figure 1 actually reflects convergence and not Galton's fallacy (see Friedman (1992) economies, the Solow model predicts that capital will move quickly to equalize marginal products and, hence, that convergence of output per worker will be rapid.
I can reconcile the observed and the theoretically predicted speed of convergence by introducing human capital as a third factor of production, and by assuming that human capital is immobile. If so, interprovincial borrowing is possible to finance accumulation of physical capital, but not accumulation of human capital. With the human capital augmented Solow model, I find that the production elasticity of human capital is about twice as high as the production elasticity of human capital, and that the combined production elasticity of all capital is about 0.8 at least.
These findings imply that according to the augmented Solow model, convergence of output per worker across Chinese provinces has been accelerated by high interprovincial physical capital mobility in the era of market socialism. Capital mobility has allowed poor regions to maintain a high rate of physical capital accumulation despite low saving rates. But interprovincial capital mobility is likely to decline once fiscal decentralization gains further momentum in the course of Chinese economic reforms, at least as long as an efficient domestic capital market is largely missing. As a result, regional convergence of output per worker is likely to decline as well.
The Speed of Convergence: Theory and Evidence
Suppose that all Chinese provinces have access to the same technology and share the same preferences. Then, the traditional neoclassical growth model (Solow 1956 ) predicts convergence of output per worker to a common steady state.
Following Barro and Sala-i^Martin (1992) A, the level of technology, and L are assumed to grow exogenously at rates g and n. Hence, the number of effective units of labor, A t L,, grows at rate g + n. shown that the evolution of k is governed by (Mankiw et al. 1992 )
For a brief overview, see Barro et al. (1995) .
In the following, I delete time subscripts for convenience of presentation.
and that k converges to a steady state value
Taking the first order Taylor expansion of the right hand side of equation (5) and substituting for s using the steady state condition (6) gives (Mankiw 1995)
where the speed of convergence to the steady state is given by
with a as the production elasticity of capital (see equation 4). If A is known to be about 2 percent, equation (8) can be used to infer an estimate for a, conditional on(« + g + <5).
The standard parameterization suggested in the literature is (n + g + S) =0.08, with a rate of labor force growth of 1 percent, a rate of technological change of 2 percent, and a depreciation rate of 5 percent (Barro et al. 1995) . Because the observed speed of convergence is about 2 percent, equation (8) (Maddison 1987) . But the national accounts do not account for human capital formation. Therefore, a value of a of about 0.8 has been interpreted as a production elasticity for a broad concept of capital that includes physical and human capital (Barro and Sala-i-Martin 1992; Mankiw et al. 1992 (6) and substituting them into the production function (9) gives (see Mankiw et al. 1992) (10) \nY/L = c-"
where c is a regression constant and (S K IY) and (S H IY) represent the saving rates for physical and human capital. Alternatively, combining the expression for h * with equation (10) yields (Mankiw et al. 1992) (
11) \aYIL = c--\n(n + g + 8)+-?-\n(S K IY)+-£-\n{h*) ,
where it is the level of human capital per worker which enters as a right-hand-side variable, and not the rate of human capital accumulation as in equation (10).
In the human capital augmented Solow model for the open economy, the speed of convergence to the steady state is given by (Barro et al. 1995) (12)
To prove that equation (12) correctly predicts the observed speed of convergence, the empirical analysis has two tasks. First, it has to be shown that the assumption of physical capital mobility across Chinese provinces is reasonable. Second, it has to be shown that conditional on (n + g + S), estimated production elasticities for physical and human capital can be used to predict a speed of convergence of about 2 percent.
Estimating the Open Economy Model

Capital Mobility across Chinese Provinces
Recent assessments of capital mobility within China do not provide clear-cut results. The World Bank (1994) maintains that there is no evidence to support a convergence of returns to capital across different provinces, suggesting that capital mobility is low. Raiser (1995) surveys the literature on fiscal decentralization which claims that capital mobility across Chinese provinces has declined. Nevertheless, Hsueh Tien-tung (1994) reports that during the 1980s the inflow of interregional capital to low income provinces has been as high as 25 percent or above of their national income, pointing to a rather high interprovincial capital mobility.
I use the approach suggested by Feldstein and Horioka (1980) For a brief survey of the empirical evidence on the relation between saving and investment rates from cross-country and inter-regional studies, and for the controversies with regard to an interpretation of the saving retention coefficient that have arisen in the literature, see Feldstein (1994) .
See the Appendix for a definition of variables, and (10) and (11). If a and j3 are known, it is possible to predict X according to equation (12). This prediction can be compared with the estimated value for A of about 2 percent.
Production Elasticities for Physical and Human Capital
To estimate production elasticities according to equations (10) and (11) Furthermore, equation (10) and (11) can be restricted to increase the precision of estimates. The restriction that can be imposed on equation (10) The restriction that can be imposed on equation (11) is that the regression coefficients on \n(n + g + 8) and ln^ / Y) sum to zero.
Taking into account these empirical modifications, the restricted versions of equations (10) and (11) read
\-a-P Table 2 presents the results of an OLS estimation of the restricted and unrestricted empirical specifications (10a) and (lla). 7 The stock specification of human capital (lla) performs better with regard to statistical criteria such as R and p-value. The /7-value indicates that the restriction imposed on equation (10a) is rejected by the data at the 5 percent level of statistical significance, while the restriction imposed on equation (lla) is not rejected. The point estimates for a are not statistically different from each other and their size suggests that capital's
and (lla) c + [\n{I/Y)\n(n + g 8)] +
The results presented in Table 2 are conditional on the previous assumptions that g equals 2 percent and 5 equals 5 percent. The rate of labor force growth, n, can be directly observed for each Chinese province (see Table Al Several reasons exist why the point estimates for jl may differ. First, the different estimates may simply reflect that the share of secondary education in income as measured by the production elasticity of SCHOOL is much smaller than the share of all human capital in income as measured by the production elasticity of PUBL.
In this case, the more comprehensive measure is more likely to reflect the true impact of human capital formation on economic growth.
Second, the low estimate for p derived from the investment specification of human capital may be correct, while the high estimate for j3 derived from the stock specification of human capital may be biased upward due to a correlation between \n(PUBL) and the disturbance term. Such a correlation could arise because changes in h, like changes in k, could depend on y. That is, if the accumulation of human capital is correctly described by the same data generating process as the accumulation of physical capital (see equation (5)), then \r\(PUBL) will be correlated with the disturbance term in equation (10b). In this case, an OLS estimate of equation (10b) will produce an upward biased estimate of j8.
Third, the low estimate for j3 derived from the investment specification of human capital may result from a measurement error in SCHOOL. A measurement error would tend to bias downward the estimated regression coefficient on A profit share of about 0.3 was also estimated for a cross section of 98 countries (Mankiw et al. 1992 ). (10a) Fourth, because both measures of human capital formation used in equations (10a) and (10b) have to be considered as rather crude proxies at best, not only SCHOOL, but also PUBLcould be measured with error. In this case, the true impact of human capital formation would even be larger than measured by the previous OLS estimate of B of about 0.5.
)n(SCHOOL)-\n(n + g + 5) in equation
9
I use two econometric procedures to identify direction and size of the presumed biases of the regression coefficients. The instrumental variable (IV) method can clarify whether the high estimate for 8 is upward biased due to an endogeneity problem, and an error in variables model can clarify whether the low estimate for B is downward biased due to a measurement error.
To check whether the previous high estimate of j3 is due to a correlation between my proxy for the stock of human capital (\n(PUBL)) and the disturbance term, I
run an IV regression of equation (10b) (In [SCHOOL) ) as an instrument. Under reasonable assumption, investment in human capital will be correlated with the stock of human capital. But investment in human capital will not be correlated with the disturbance term, if the data generating process for human capital is identical to the data generating process for physical capital as described in equation (5). Therefore, )n(SCHOOL) seems to be a good choice as an instrument for \n (PUBL) . My estimation results support a high point estimate for p of 0.8 (Table 3, 
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\n(SCHOOL)-\n(n + g + S)
, enters as the dependent variable, and ln(*7L) enters as a right-hand-side variable. As before, the resulting regression coefficients can be used to recover point estimates for a and P. I find a statistically significant point estimate of P of 0.74 (Table 3 , second column) that confirms the high IV estimate of p. The point estimate for a is inconsistent, but the standard error is large. This result confirms that the previous low estimate for P is downward biased due to measurement error in my proxy for investment in human capital. Furthermore, it seems to indicate that even the previous high OLS 10 For a textbook exposition, see Maddala (1992) . (Table 3 , third column). These findings largely confirm the results derived from the OLS estimation of equation (10b) (see Table 2 , second column), although the new point estimate for /? is somewhat higher.
Thus, OLS estimation of equation (10b) 
The Predicted Speed of Convergence
Once the two production elasticities a and /? are known, equation (12) describes how the predicted speed of convergence can be derived conditional on the rate of * 1 For the same result derived from a cross-country sample, see Gundlach (1995) .
labor force growth (n), the rate of technological change (g), and the depreciation rate (<5). I measure n as the average annual provincial growth rate of the labor force in 1978-1989, weighted by the labor force in 1989. I find that for my sample, the average growth rate of the labor force is 3 percent, so n = 0.03.
The rate of technological change can only be measured indirectly as a residuum, namely as the rate of total factor productivity growth. Therefore, measured rates of technological change depend on the specification of the production function. These results may serve as a first approximation of g, although human capital accumulation is not taken into account and the focus is on technological change in industry rather than in the aggregate economy. Another approximation may be derived from the estimates for countries such as Taiwan and South Korea, which experienced similar growth rates as China in the 1980s. Taking into account human capital accumulation and focusing on the aggregate economy, Young (1995) finds average rates of total factor productivity growth of 1.6 percent for South Korea and of 2.4 percent for Taiwan. These results suggest that the standard parameterization of g of 2 percent may also be reasonable for the case of China. That is, I assume that g = 0.02, which is compatible with the findings for Chinese industry given that aggregate total factor productivity growth figures are usually somewhat lower than industry figures.
Reliable data on the stock of physical capital and its depreciation are not available for China, so the depreciation rate cannot be measured directly. Given that the share of depreciation in GDP is about 10 percent, which is an average figure for industrialized countries (Maddison 1987) , the rate of depreciation can be calculated once the capital output ratio is known,
For leading industrial countries such as the United States, the capital output ratio is about 3, so 8 would be about 3 percent (Mankiw et al. 1992) . But for developing countries, it is reasonable to assume a smaller capital output ratio. For example, 8 is 5 percent for a capital output ratio of 2. Actually, the capital output ratio may be even lower than 2 in developing countries, but then the share of depreciation in GDP may also be lower than 10 percent. On balance, therefore, I
assume a depreciation rate of 5 percent for China, so 8 = 0.05.
With these pararneterizations for (n+ g + 8), the speed of convergence to the steady state can be calculated according to equation (12) 1978-1983 1984-1989 1980-1989 1978-1989 Note: Dependent periods, standard 
Labor force growth (n)
